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The exact relation of the elementary bodies of vaccinia to the causa- 
tive agent of the disease has long been a subject of discussion.  Recent 
observations of others as well as those made by us indicate that it is 
an intimate one, and that in general the infectivity of a suspension is 
related to the number of elementary bodies contained therein (1, 2, 3). 
Furthermore, the agglutinating properties of a suspension are related 
to the number of elementary bodies present.  However, exact observa- 
tions are lacking, and since, because of technical difficulties, the pos- 
sibility of obtaining direct proof of infectivity by the inoculation of a 
single elementary body seems remote, the present work was undertaken 
with the object of applying statistical methods to the elucidation of 
the problems. 
Methods  and  Materials 
Preparation of Elementary Body Suspensions.--The details concerning the man- 
ner of preparation of pure suspensions of elementary bodies have already been 
given (3).  For our present  work suspensions differing as widely as possible in 
content of elementary bodies were desired, and these were obtained in the follow- 
ing manner.  Suspensions of elementary bodies were prepared in the usual way, 
and subjected to sedimentation in an angle centrifuge for different periods of time. 
The various supematant fluids, containing different amounts of elementary bodies 
were decanted and saved, while the sediments were resuspended in reduced vol- 
* The authors wish to express their thanks to Dr. Hugo Muench for his valu- 
able assistance in the application of statistical methods. 
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umes of fluid.  In such preparations there was a 10,000-fold variation in the number 
of elementary bodies.  The purity of all suspensions was confirmed by examination 
of smears stained by the Morosow technic. 
Counting of Elementary Bodies.--The  elementary  bodies  were  counted in  a 
Petroff-Hausser counting chamber, fitted with a reinforced cover slip.  By means 
of dark field illumination and proper combination of lenses (20  ×  ocular, 20  × 
8.3 ram. objective), the elementary bodies were readily identified.  It was neces- 
sary to cleanse the chamber carefully between each count, and remove all traces 
of oil from the surfaces.  Doubly distilled water was used for making all dilutions 
of suspensions of elementary bodies to be counted.  It is to be noted that dis- 
tilled water and physiological solution of sodium chloride are suitable for making 
dilutions of suspensions of elementary bodies provided such diluted suspensions 
are not  centrifuged;  if  they are  centrifuged,  the  elementary bodies can be re- 
suspended only with difficulty, if at all, because an irreversible agglutination is 
found to have taken place.  Furthermore,  the agglutination becomes more pro- 
nounced with each repetition of the washing of the elementary bodies. 
Titration of Virus.--Titrations were made by means of intradermal inoculation 
in rabbits of 0.25 cc. of serial dilutions of virus.  In order to control the effect of 
variation exhibited by different rabbits,  as well as variation due  to the use of 
different sites of inoculation in the same rabbit,  the titrations  were carried out 
in the following manner.  Four samples of virus were usually titrated at the same 
time on four rabbits; each sample was titrated once on each rabbit and the sites 
of inoculation were varied so that each sample appeared once in each of the four 
possible sites of inoculation, v/z., upper left side, lower left side, etc.  Because of 
the regular appearance of generalized lesions caused by the strain of virus used, 
observations were terminated on the 5th day. 
Gates Densitometer.--The  densitometer  used  was  of  the  type  described  by 
Gates (4), which is a simple instrument for measuring the depth to which a loop 
of 18 gauge nichrome wire must be submerged in a turbid fluid to cause it to be- 
come invisible when viewed from above.  Our observations were made in subdued 
daylight with a black surface below the tube (internal diameter 14 nun.) contain- 
ing the suspension. 
Agglutination Reaction.--The  manner  of performing  the  agglutination  reac- 
tion  has  already  been  described  (3).  In these  experiments  serial  dilutions  of 
suspensions of elementary bodies were mixed with varying dilutions of antiserum 
ill order to determine the greatest dilution of the suspensions in which a visible 
agglutination  still'  occurred.  In  a  similar  manner  the  dilution  of  elementary 
bodies was determined which was optimum for titration of serum. 
EXPE]~IM-E~NTAL 
In the present investigation we have examined statistically a method 
of counting elementary  bodies of vaccinia by direct  observation  and 
a  rapid  method  for measuring  the  density  of a  suspension  of them. ROBERT  F.  PARKER  AND  THOMAS  M.  RIVERS  441 
We have also studied the correlation between the elementary body 
content of a  suspension and its infectivity.  Finally, the number of 
elementary bodies required to produce a  visible agglutination in the 
presence of immune serum was estimated, and the optimum number 
for titration of the agglutinating activity of serum was determined. 
Direct  Enumeration  of Particles 
It has been shown in counts of yeast cells (5) that the distribution 
of the organisms in the squares of the counting chamber is by chance, 
TABLE  I 
Distribution of Particles in Counting Chamber 
No. of particles 
pet square 
5 or less 
6 
7 
8 
9 
I0 
II 
12 
13 or more 
Mean... 
Squares containing  given 
number of particles-- 
obstrved 
8 
8 
15 
17 
15 
I0 
8 
I0 
9 
100 
9.04 
Squares containing  given 
number of psrtida-- 
expected 
11 
9 
12 
13 
13 
12 
10 
7 
12 
lift. 
0.82 
0.Ii 
0.75 
1.20 
0.31 
0.33 
0.40 
1.30 
0.75 
X  2 ,,* 5.97 
P  =  .59 
and the number of squares containing a given number of organisms, the 
mean being known, may be predicted by means of Poisson's law of 
small  chances.  In order to  determine whether such  a  distribution 
occurs also in the case of elementary bodies, which require dark field 
illumination to be made visible and are in constant active Brownian 
movement, the following experiment was performed. 
Experiment 1.--A suspension of elementary bodies was prepared and diluted 
in a manner that would yield a concentration of dereentary bodies suitable for 
counting.  The chamber was charged with this suspension and the number of 
particles contained in each of 100 small squares (1/400 sq. ram,) was then deter- 
reined.  The experiment was repeated several times.  The results of one count 
which is typical of all are set forth in Table I. 442  STATISTICAL STUDIES OF  ELEMENTARY BODIES 
It will be seen from the results shown in Table I  that the distribu- 
tion  observed  agrees  very well  with  that  expected;  the  probability 
that  the  deviation  observed  arose  from  chance  alone being  59/100. 
The standard deviation (#) of a Poisson series is %/m----~, in this case %/9.'-~ =~ 
3.0,  and, if the technic of counting is perfect, in a series of that size we should 
expect this to agree with the standard deviation as calculated from the squares 
of the deviations from the mean.  We find, however, that the observed standard 
deviation is 2.76, slightly lower than the theoretical.  This suggests that the chief 
source of error is due to excessive grouping of counts about a mid value, with a 
deficiency  of low and high values.  This discrepancy, however, is not sufficient 
to cast doubt on the value of the method, and one may reasonably assume that 
the distribution of particles follows Poisson's law, and that the technic of counting 
is satisfactory.  It is then possible to estimate the accuracy to be expected.  The 
J  mean  standard deviation of the mean of a Poisson series is 1 /  number  of  counts; in this 
case ~/0.~  or 0.30.  If no source of error other  than  the variation due  to 
sampling entered into the variance of the mean of counts based on the observation 
of 100 squares, we should expect the values for the various means to be distributed 
normally, and the standard deviation calculated from the mean squares to agree 
with the standard deviation expected in a Poisson series.  The observed standard 
deviation of a series of 10 counts, each based on the observation of 100 squares, 
is however 0.85,  while  that expected is 0.305.  We take, therefore, as the best 
0.85 
estimate of the standard deviation of the mean ~m  =  ~.  For a set of 5 counts 
we have ~m =  0.380. 
In the process of cleansing the counting chamber it was found impos- 
sible entirely to remove particles which could not be distinguished from 
elementary  bodies.  Since  the  inclusion  of  such  debris  in  the  final 
estimate of elementary bodies would materially affect the results, and 
would moreover do so in an irregular manner, it seemed desirable to 
estimate the magnitude of the error caused by the debris.  This was 
done in the following manner. 
Experiment 2.--Three dilutions of an elementary body suspension were pre- 
pared of such density that the average number of particles per square was about 
3, 6, and 9.  In order to obtain such counts it was necessary to dilute the original 
suspension  400-,  200-,  and  100-fold  respectively.  10  counts  of  each  dilution 
were made, the results of which are summarized in Table II. 
From the results shown in Table IIit will be seen that the difference 
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accounted for on the basis of random sampling.  Such an error is most 
likely to be due to the inclusion in the counts of extraneous particles 
present in the diluent and in the counting chamber, but unrelated to 
the sample under observation.  This possibility may be  tested,  and 
the magnitude of  the  error  involved  can  be  estimated by a  simple 
procedure. 
If in the least diluted sample P  represents  the number of elementary bodies 
present,  and p the extraneous particles indicated above, then the observed count 
may be represented  as P  q- p.  With serial twofold dilutions we have counts of 
½ P  +  p, ~  P  +  p,  etc., i.e., p remains a constant in the original enumeration. 
After multiplying these counts by the dilution to determine the total number of 
particles present per square in the least diluted sample we have P  + p, P  +  2p, 
P  +  4p, etc., from which the value of p may easily be found.  Substituting the 
TABLE  II 
Comparison of Counts Made at Different Dilutions of a Suspension 
Calculated No. of 
Dilution of original  Mean No. of  Corrected value,  suspension  particles per square  Standard deviation  partides per square  of undiluted  sus-  l~rtides per square 
pension 
100  9.32  0.97  932  774 
200  5.64  0.75  1128  812 
400  3.41  O. 58  1364  732 
observed values shown in Table II we find that for the original count, p  =  about 
1.58.  Application  of this correction yields the figures of column 5 which agree 
more closely with each other. 
We may conclude that a  more accurate estimate of the number of 
elemen.tary bodies in a suspension has been obtained when the figures 
are  corrected  for the  inevitable  presence  of debris  in  the  chamber. 
Enumeration  of  Infectious  Units 
In the estimation of the concentration of infectious units in a given 
suspension of vaccine virus, the method usually employed is the fol- 
lowing.  Serial  tenfold dilutions are prepared  and a  portion of each 
dilution  is  injected  intradermally  into  a  rabbit.  After  a  suitable 
period, note is made of the highest dilution of the suspension which 
has  given rise  to  a  lesion,  and  the  content  of virus  in  the  original 
suspension is said to be represented by the reciprocal of this dilution. 444  STATISTICAL STUDIES  OF  ELEMENTARY BODIES 
Thus if the highest dilution giving rise to a lesion is 10  -e, the suspension 
is  said to  contain  10  ~ infectious units  per  unit  volume inoculated. 
While suitable for ordinary estimations of the amount of virus, this 
method does not lend itself to  exact determinations without  some 
modification,  because  of  the  relatively  large  influence  of  chance 
variation. 
If more than one titration is made, the influence of chance is obvi- 
ously  decreased,  and  the  result  correspondingly more  reliable,  the 
reliability  being  in  general proportional  to  the  square  root  of  the 
number of observations which enter into the estimation.  If the end- 
titer alone is recorded, and a logarithmic average calculated, the maxi- 
mum number of observations included is obviously the same as the 
number of titrations performed, and  a  single widely variant  result 
TABLE  III 
Calculation of 50 Per Cent End-Point in Titration of Virus 
Logarithm of  Inoculations  Inoculations  Accumulation--  Accumulation--  Per cent 
dilution of virus  positive  negative  positive  negative  positive 
4 
4 
3 
1 
0 
0 
0 
1 
3 
4 
12 
8 
4 
1 
0 
100 
100 
80 
20 
0 
may have a marked effect on the mean.  It is possible, however, to 
increase to  a  large extent the number of observations utilized in  a 
given number of titrations  by  choosing a  different  end-point,  v/z., 
one at which 50 per cent of the inoculations may be expected to be 
positive,  and 50  per cent negative  (6).  This point is probably the 
most stable one that can be selected and the one at which the chance 
variation of a  single determination would have the least  influence. 
The  method of its  calculation is  illustrated  in  Table  III,  and  the 
procedure is carried out as follows: 
The first step is to separate for each dilution the inoculations causing positive 
from  those  causing negative results.  Then  the  positive and negative results 
respectively are accumulated, the direction in which the accumulation is made 
being of primary importance.  Each column is added, beginning  with the smaller ROBERT  ]~.  PARKER  AND  THOMAS M.  RIVERS  44'5 
end.  The various sums in each column then represent the number of inoculations 
positive at that dilution and higher dilutions or the number negative at that dilu- 
tion and lower dilutions.  The percentage of positives at each dilution and higher 
dilutions is  calculated from  the  data  of  the  summary  columns.  In  this  case 
there are 80 per cent positive reactions at 10 -8 and 20 per cent at 10 -8  .  50 per 
cent would then be 30/60 or 030 of the distance from 10 -6 to 10 -6 or 10 -5.5 which 
is equal to 3.16  ×  10 -5.  The stability of this end-point and the slight effect of 
chance variation of a  single inoculation will readily be appreciated on inspection 
of Fig.  1.  This diagram is constructed by plotting the proportion of positive 
I~t, cent 
100  1 
90 
80 
70 
6o 
&  5o 
~  0 
30 
2o 
1o 
0  I  1  t  i  lltll  I  I  I  Illll 
(11  0.2  0.3  0.4  (10  0.8 J.O  2.0  -~0 40  0.0  aO]O.O 
No.  o  r paoticle~  F~ uoi~  volume 
FIG. 1.  Probability of obtaining fertile sample, with indicated number of par- 
ticles per cubic centimeter. 
results to be expected against the dilution.  It will be seen that when about 50 
per cent of the results are positive the curve is quite steep and relatively large 
variations in  the percentage represent  relatively minor variations in  dilutions. 
If the end-point is selected at which all of the inoculations Could be expected to be 
positive, it will be  seen  that  relatively minor chance  variations will represent 
relatively  large variations in dilutions of material. 
In the  case of particles representing  a  relatively small part  of the 
volumes investigated, such as a  few bacteria in  1 cc. samples of fluid, 
the proportion of samples withdrawn which can be expected to contain ~46  STATISTICAL  STUDIES  OF  ELEMENTARY  BODIES 
at least one organism bears a definite relation to the mean number of 
organisms in the whole sample.  With elementary bodies, however, it 
has not yet been shown that a single body gives rise to infection, and 
for that  reason  it is probably unjustifiable  to  apply this  method of 
determining the true number of infectious units in the sample.  In the 
present study therefore, the procedure will be adopted of assuming that 
the number of infectious units contained in a  suspension is the recip- 
rocal of the dilution which can be expected to give rise to 50 per cent 
of positive inoculations on intradermal  injection.  Thus a  suspension 
giving an end point of 10  -s.6 would be said to contain 105.6 or 3.16 X  106 
infectious units. 
Correlation  between Number of Elementary Bodies in a Suspension and 
Its  Infective  Titer 
With  the  development  of  technics  by  which  suspensions  of  ele- 
mentary bodies relatively free from other particulate material can be 
prepared, it became apparent that in general a relation existed between 
the number of elementary bodies and the infectious units.  In order to 
ascertain whether  an exact correlation  between these two properties 
of a  suspension exists, the following experiment was carried out. 
Experiment 3.--A number of suspensions were prepared  as described above 
which varied  widely in  their  content  of elementary  bodies.  Titration  in  the 
rabbit  was carried out immediately after preparation,  and counts of elementary 
bodies were made as promptly as possible.  The results are presented in Table IV, 
and in Fig. 2. 
On inspection of Fig. 2, there is seen to be a close association between 
the  infectious  titer  of  the  suspensions  studied  and  the  number  of 
particles which they contained as determined by direct count.  This is 
expressed by the high correlation coefficient of 0.845 4- 0.058.  At the 
mean of the distribution the ratio of particles to infectious units is that 
of the logarithms 9.62 to 8.0 (4.19 billion to 100 million).  However, 
the portion of the curve which has been defined is not sufficiently long, 
nor is its probable error sufficiently small, to warrant assumptions as 
to its true form.  For this reason it is not justifiable to produce the 
curve to its base, and to state that an infectious unit of virus contains 
on an average 41.9 elementary bodies.  Such a conclusion is not justi- 
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We wish also to emphasize the fact that the correlation table below 
holds only for the  suspensions of elementary bodies prepared in  a 
definite manner from a certain strain (C L) of vaccine virus, the infec- 
tivity of which has been determined by intradermal inoculation of 
rabbits.  The manner of titration of vaccine virus is of great impor- 
tance for there may be a thousandfold difference between the results 
of dermal and intradermal inoculation.  Different strains also  vary 
TABLE  IV 
Correlation of Infective  Titer of Suspensions  with the Number of Elementary Bodies 
Determined by Direct Count 
Suspension No. 
7 
8 
9 
10 
11 
12 
13 
Mean. 
0", 
No. of elementary 
bodies per cc. 
3.27  X  107 
1.18  X  108 
9.10  X  108 
7.59 X  101° 
2.39 X  109 
3.05 X  I0  n 
4.50 X  10  l° 
1.89  X  101° 
4.30 X  10  s 
2.47  X  109 
9.40  X  lO  s 
6.29  X  10  ° 
1.37  X  101° 
No. of infectious  units 
per co. 
8.6O X  105 
6.41  X  106 
1.52  X  106 
5.00 X  lO  s 
1.85  ×  10  s 
1.30 X  101° 
8.84 X  108 
1.32  X  109 
2.72  X  10  s 
1.85  X  107 
1.85  X  107 
1.41  X  10  ~ 
6.81  X  10  s 
Log--elementary 
bodies---x 
7.51 
8.07 
8.96 
10.88 
9.38 
I1.48 
10.65 
10.28 
9.63 
9.39 
8.97 
9.80 
10.13 
9.62 
1.183 
Log--lnfectlous 
unlts--y 
5.93 
5.81 
6.18 
8.70 
8.27 
10.11 
9.95 
9.12 
9.43 
7.27 
7.27 
7.15 
8.83 
8.00 
1.466 
r  =  0.845  4- 0.058. 
bx  =  0.682. 
b~  =  1.042. 
greatly,  and  we may  not  safely infer that  findings true of one strain 
will be true of all others without qualification. 
Agglutination  Reaction 
In  the  agglutination  reaction  there  is  a  variation in  the  apparent 
titer of the serum which depends on the number of antigenic particles 
present.  This phenomenon,  well known in bacteriology, is observed 448  STATISTICAL  STUDIES  OF ELEMENTARY  BODIES 
also in the titration of serum against elementary bodies, and for each 
suspension, therefore, the dilution must be found which will agglutinate 
in the presence of the highest dilution of serum.  At the same time, 
it is obvious that when the number of particles present in a suspension 
is reduced below a certain point, no agglutination will take place.  It 
has been shown that this latter point is governed largely by the surface 
12 
o-  11 
-o 
o  .Q 
~  9 
xl 
o 
a-a'=Reg~'Nsssion of in~ect£oue 
,.m{.~ on elern~enta_,~ body 
cor~centPation 
b-b'=Regwession  of elenlenta~y 
bo.dy concentEation  on 
in~ectiou.s  uni%~ 
m  • 
Log  o~ infect~ou~ uni~ pe~  ee. 
Fzo. 2.  Correlation of infectious titer of suspensions with the number of ele- 
mentary bodies determined by direct count. 
area of the antigen in  relation to  its mass,  and,  in  a  recent paper, 
Merrill (7) has collected a number of observations on this subject.  In 
order to obtain more accurate data with regard to the agglutination 
of elementary bodies, the following experiment was carried out. 
Experiment 4.--The optimum dilution of a  suspension of elementary bodies 
for the agglutination test was determined by making several titrations of an im- 
mune serum for each of which a different dilution of elementary bodies was used; ROBERT  F.  PARKER  AND  THOMAS  M.  RIVERS  449 
the  dilutions  of  elementary  body  suspensions  were  selected  which  showed  the 
maximum titer of agglutination.  In the determination of the minimum number 
of elementary bodies necessary for the production of visible agglutination,  titra- 
tions of elementary body suspensions were made using several dilutions of serum. 
The results of several such experiments are given in Table V. 
Inspection of Table V reveals that the optimum concentration of 
elementary bodies for the titration of serum extended over rather a 
broad range, varying between mean values of log 10.02 (1.05  ×  101°) 
and log 9.31  (2.04  ×  109) particles per cc.  The diameter of the ele- 
mentary body of vaccinia is probably between 125 and 175 m~ (8). 
If we  accept  these  figures,  and  apply the  calculations outlined by 
TABLE V 
Concentration of Elementary Bodies Required  for Visible Agglutination and Optimum 
for Serum Titration 
Logllargest number of elementary Log--least number of elementary 
Log--No. of elementary  bodies  bodies per co. (~iving  optimum  bodies per ee. giving optimum 
per cc. required for visible  reaction  agglutmation  agglutination 
8.45 
7.72 
8.57 
8.59 
8.12 
10.04 
10.41 
9.75 
9.97 
10.03 
9.43 
8.66 
9.15 
9.67 
9.67 
Mean ......  8.29  10.04  9.31 
Merrill (7),  we learn that visible agglutination is not to be expected 
when  the  concentration of  elementary  bodies  falls  below log  8.26 
particles per cc.  It will be seen in Table V that the concentration of 
elementary bodies below which agglutination did not occur, was on 
the average log 8.29 particles per cc.  Thus the observed and expected 
findings agreed closely. 
Densitometer Measurements 
In view of the relation demonstrated to exist between the content 
of elementary bodies and the infective and agglutinating titers of a 
suspension, the rapid estimation of the density of a  preparation be- 
comes of practical importance.  Methods of estimating the density 
of bacterial suspensions have been described from time to time, one 450  STATISTICAL  STUDIES  OF  ELEMENTARY  BODIES 
of the simplest being that of Gates (4), which is based upon the fact 
that, for a given suspension, the depth of medium required to obscure 
a wire loop submerged in it is proportional to the number of organisms. 
In order to determine whether this method is suitable for the estima- 
tion of the number of elementary bodies in suspensions, the following 
experiment was performed. 
Cm, 
~-  4.0- 
O 
..4 
&0- 
zo 
_  1.0 
0.9 
0.8 
0.1 
])ilu~ion.  o T "~  I  [  I 
euep~n~on j  t  E  4  8 
~ax~icle~ "I  pe~ cc.(x lotO)~  18.08  g.04  4;52  2.26 
Fro. 3.  Correlation of depth of immersion  of loop with density of suspension. 
Experiment 5.--A heavy suspension of elementary bodies was prepared and 
2 ec. were placed in the densitometer tube.  The depth to which it was necessary 
to submerge the wire loop in order to cause it to disappear was observed, several 
readings being made.  The suspension  was then diluted progressively  with buffer 
solution and readings were made after each dilution.  The number of particles 
present in the original suspension was determined by direct count. 
The  results of  a  typical experiment are  presented  graphically in 
Fig. 3.  It will be seen that the determined points fall approximately 
on  a  straight line,  the coefficient of variation of the measurements ROBERT  F.  PARKER  AND  THOMAS  M.  RIVERS  451 
being roughly 3 per cent.  We have included on this graph the number 
of elementary bodies per cubic centimeter. 
In the original description of the method it was shown that in order to obtain 
strict proportionality between the number of organisms and the turbidity of the 
suspension the observed reading must be corrected for an error which is intro- 
duced by the transparency and size of the bacteria.  In the case of elementary 
bodies the correction to be applied is evidently within the limits of error of the 
measurement and may therefore be disregarded.  Furthermore, by the use of a 
logarithmic scale, the actual number of elementary bodies represented may be 
read off directly once the disappearance depth of the wire loop for a suspension 
of known concentration has been found.  It should be borne in mind, however, 
that the method is a subjective one, involving a number of important variables. 
For that reason it must be standardized by each worker for the conditions under 
which it is to be used, either by counting the number of particles in a suspension 
the density of which has been determined, or by titrating its infectivity. 
SUMMARY  AND  CONCLUSIONS 
Methods have been described by which the number of elementary 
bodies present in a  suspension can be estimated.  It has been shown 
that by means of replicate counts, in which the Petroff-Hausser chamber 
was used, a  high degree of accuracy can be attained.  By means of 
the Gates densitometer, the number of elementary bodies in a suspen- 
sion  can be  determined with a  coefficient of variation of about 3.0 
per  cent.  A  method has been  described by which the accuracy of 
estimation of the  infectious titer of a  suspension  can  be  increased 
without greatly enlarging the  number  of animals  employed.  This 
consists of selecting as the end-point that dilution of virus which on 
intradermal inoculation in  a  rabbit  would lead  theoretically to  an 
equal number of positive and negative results.  The statistical advan- 
tages of this method have been confirmed by the experiences of other 
laboratories. 
By the application of the methods described, there was shown to be 
a  direct  correlation between the number of elementary bodies and 
the number of infectious units of virus present in a given suspension. 
At the mean of the distribution this ratio is as the logarithms 9.62 
to 8.0.  To extrapolate this curve, in order to determine the number 
of elementary bodies present in a single infectious unit, while tempting, 
is probably not justifiable.  It must likewise be remembered that the 
data given apply to a particular strain of vaccine virus, and that the 452  STATISTICAL STUDIES OF  ELEMENTARY BODIES 
number of infectious units has been determined by intradermal inocu- 
lation of rabbits.  It appears also that this method may be of value 
in studies of the virulence of different strains of vaccine virus, since 
by its application one may determine not only the infectioustiter of a 
suspensior~, but its content of elementary bodies. 
In the agglutination reaction it was found that optimum titers of 
serum were obtained when the test antigen contained from 2.0  X  10  9 
to 1.05  X  10  '° elementary bodies per cc.  Approximately 1.95 ×  l0 s 
particles  per  cc.  of suspension were required for the production  of 
visible agglutination. 
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